Abstract To enhance prevention efforts to reduce college drinking, parents have been identified as an important source of influence that can be modified with brief interventions. Research suggests parental permissiveness toward drinking in adolescence is positively related to college student drinking, though existing studies have not comprehensively accounted for potential confounders (e.g., parental drinking). The present study used propensity modeling to estimate the effects of precollege parental permissiveness on college student drinking and consequences while accounting for an inclusive range of confounders. A random sample of 1,518 incoming students at a large university completed baseline measures of parental permissiveness and a list of confounders (e.g., parental drinking, family history). At follow-up 15 months later, participants reported on their drinking and alcohol-related consequences. To control for potential confounders, individuals were weighted based on their propensity scores to obtain less biased estimates of the effects of parental permissiveness on drinking and consequences. Analyses revealed parental permissiveness was consistently and positively associated with college drinking and consequences when the confounders were not accounted for, but these effects were attenuated after weighting. Parents' allowance of drinking was not related to college drinking or consequences after weighting. Students' perceived parental limits for consumption were related to drinking and consequences in the weighted models. Prevention efforts may benefit from targeting parents' communication of acceptable limits for alcohol consumption.
parenting practices that are protective against college drinking (e.g., monitoring, effective communication; see Turrisi et al. 2013) . Although parents are generally thought of as protective influences that can offset the comparatively negative influence of peers (Wood et al. 2004; Turrisi and Ray 2010) , there is also evidence that certain parental behaviors may be related to higher levels of college student drinking. For example, permissive behavior such as allowance of drinking during high school has been associated with more alcohol-related problems longitudinally (van der Vorst et al. 2010) , though other research conflicts with these findings (Foley et al. 2004 ).
Debate on the Role of Parental Permissiveness and College Drinking
Researchers and the general media have debated the role of parental permissiveness in heavy drinking during college. For example, arguments have been made in the popular press that parental allowance of drinking in the home is protective against later heavy drinking. Proponents of this view have argued that by allowing adolescents to drink in the home, parents are able to teach adolescents to drink responsibly, demystify drinking, and reduce adolescents' interest in drinking (see Cloud 2008; Peele 2007) . Empirical evidence does not support this claim and shows rates of heavy drinking among college students and emerging adults and rates of alcoholism among adults are higher in countries with lower legal drinking ages than they are in the US (Anderson and Baumberg 2006) . Further, parental allowance of drinking inside the home has been associated with higher levels of problem drinking in countries where alcohol use is legal at younger ages (van der Vorst et al. 2010) .
Research on the effects of parental permissiveness, and specifically parental allowance of drinking, on heavy drinking among college students in the US is scarce. One existing study examined the drinking outcomes of female first-year students whose parents allowed them to drink at home either during meals or with friends during high school (Livingston et al. 2010) . Findings indicated students whose parents allowed them to drink in the home engaged in more frequent heavy drinking in college than those who were not permitted to drink at all (Livingston et al. 2010) . This study had several limitations that preclude strong conclusions about parental allowance of drinking and college heavy drinking, such as not including male students and not accounting for potential confounders (e.g., parents' own drinking habits).
There is scant but conflicting evidence suggesting parental permissiveness may actually be protective against college drinking. In a sample that included both high school and college students (ages 16-20), Foley and colleagues (2004) examined how participants obtained alcohol (e.g., from family members, from same-age friends) as a predictor of heavy drinking in the past 30 days. Among those who reported drinking, drinking alcohol provided by a parent or relative was protective against heavy drinking relative to drinking alcohol provided by a non-adult (Foley et al. 2004 ). The authors concluded that parental permissiveness during adolescence might be a protective factor against later heavy drinking. In consideration of the studies described above, research on the association between parental allowance of drinking and college heavy drinking remains inconclusive.
Researchers and proponents of allowing youth to drink at home have offered an untested explanation for this inconsistency, which is that parental allowance of drinking is often confounded with other, higher-risk parental influences that have not been assessed (Livingston et al. 2010; van der Vorst et al. 2006; Windle 2000) . For example, parents who allow adolescent alcohol use may be heavier drinkers themselves, or they may pass on a genetic predisposition to alcohol abuse. In addition to parental modeling and genetic risk, there are many possible confounders that could account for the association between parental permissiveness and increased levels of drinking, including lack of parental monitoring, earlier age of drinking onset, and overall parent-child relationship quality (Arria et al. 2008; Chassin and Handley 2006; Fromme 2006; Patock-Peckham et al. 2011; White et al. 2000) . These factors are complex and interrelated, making analysis of the effect of parental permissiveness on college drinking using traditional regression methods (e.g., ANCOVA) difficult. To date the unique effect of parental permissiveness on college heavy drinking, after accounting for potential confounders, has not been fully explored.
Further complicating the debate, parental permissiveness of drinking can be conceptualized in different ways. For example, some parents who allow their adolescents to drink may set conservative limits and allow them to have one or two drinks at family celebrations. Other parents may be more lenient and allow their adolescents to have several drinks at parties with friends. Reflecting these differences, in addition to explicit allowance of drinking (Livingston et al. 2010) , parental permissiveness can be construed as students' perceptions of what their parents would consider to be an acceptable limit for consumption per occasion (e.g., Abar 2012; Fairlie et al. 2012; Wood et al. 2004) . When assessed in terms of perceived parental limits, parental permissiveness has been consistently and positively associated with college drinking (Abar 2012; Fairlie et al. 2012; Varvil-Weld et al. 2012) . However, the impact of each specific aspect of parental permissiveness (i.e., explicit allowance of drinking and acceptable limits for consumption) on college drinking, after accounting for the effects of other important confounders, remains unknown.
Present Study
To address these gaps in the literature, the present study employed propensity modeling (Rosenbaum and Rubin 1983) , to estimate the effects of both types of parental permissiveness (allowance of drinking and perceived parental limits for consumption) on drinking and related consequences during college. Propensity modeling is used to estimate the causal effect of a factor (i.e., parental permissiveness) in observational studies (Rosenbaum and Rubin 1983) . Propensity modeling weights individuals within a sample based on levels of confounders in order to obtain an unbiased, or less biased, estimate of the causal effect of the factor on the outcome of interest (i.e., drinking, related consequences) independent of the effects of the confounders (Coffman and Zhong 2013) . In the present study, propensity modeling was used to estimate the effect of parental permissiveness on drinking and related consequences during college, after controlling for an inclusive range of confounders chosen based on the extant literature (e.g., family history of problems with alcohol, parental modeling of alcohol use, parental monitoring, age of onset of alcohol use, etc.). The effects of both facets of parental permissiveness, parents' explicit allowance of drinking prior to college and perceived parental limits, were estimated. The objective was to determine whether parental permissiveness was protective, risky, or neutral, in terms of its relation to college drinking and related consequences.
We used previous literature that has documented the association between parental permissiveness and heavy drinking during college to guide our hypotheses. First, based on previous research documenting positive associations between parental permissiveness and college drinking (Abar et al. 2009; Fairlie et al. 2012; Livingston et al. 2010) we expected that both aspects of parental permissiveness would be associated with higher levels of college drinking and consequences, even after accounting for potential confounders. We did not expect to find support for permissiveness as a method to teach adolescents to drink responsibly. Second, previous findings on the relationship between parental allowance of drinking and later alcohol problems are inconclusive (e.g., Livingston et al. 2010; Foley et al. 2004) , while evidence of a positive association between perceived parental limits and college drinking is more consistent (Abar et al. 2009; Abar 2012; Varvil-Weld et al. 2012) . Therefore, we expected perceived parental limits, rather than parents' allowance of drinking, would have a larger effect on college drinking and consequences after accounting for the confounders.
Methods

Sample
Participants
Participants were randomly selected incoming freshmen (N=1,518) at a large, public northeastern university during the early summer prior to college entrance in 2008 and 2009. Invitation letters listing study procedures, compensation, the URL for the online survey, and a personal identification number were mailed on university letterhead and then emailed (for convenience) to all potential participants. This study was part of a larger intervention study, so participants were randomized to one of four intervention conditions prior to recruitment (statistical controls are described later). Of the 2,400 participants initially contacted, 1,518 consented to participate in the study and completed the web-based baseline assessment, yielding a 63 % overall response rate, consistent with others using a web-based approach (McCabe et al. 2002 (McCabe et al. , 2005 .
Data were collected online at two time points: (1) baseline, in the summer prior to college entrance, and (2) follow-up, in the fall of the second year of college. There was an 80 % retention rate for students at follow-up. There were no differences in drinking or consequences between those that completed the study versus those that were lost to follow-up. Students received $20 for completion of each survey, and they received a $5 bonus if they responded within 48 h of recruitment. The local institutional review board approved all study procedures.
The demographic characteristics of the sample were as follows: 54 % female, 86 % Caucasian, 5 % Asian, 5 % Hispanic, 3 % African American, and 2 % multi-racial or other. These proportions are representative of the larger campus community from which the sample was drawn. The mean age for the sample was 17.5 years (SD=0.32).
Measures
Both types of parental permissiveness and potential confounders were assessed at baseline (summer prior to college entrance), and drinking and consequences were assessed at follow-up (fall of the sophomore year). Student-reported data on parenting have been found to be reliably correlated with student drinking outcomes ).
Parental Permissiveness and Confounders
Parental Permissiveness-Allowance of Drinking Perceived parental allowance of drinking was assessed using one item, "How old were you the first time you drank alcohol (more than a few sips) with permission from your parents?" and response options were recoded as (0) never permitted, and (1) ever permitted.
Parental Permissiveness-Perceived Parental Limits Perceived parental limits were assessed using one item, "During your senior year of high school, how many drinks would your parents consider to be an upper limit for you to consume on any given occasion?" with the following response options: (0) no amount, (1) one drink, (2), two drinks, (3) three drinks, (4) four drinks, (5) five drinks, (6) six to 12 drinks, and (7) there is no upper limit (Abar et al. 2009 ).
Potential Confounders Propensity score modeling allows for the inclusion of a large number of confounders; therefore, confounders were chosen liberally and with the goal of inclusiveness. Potential confounders included in the models included age of onset of alcohol use, gender, intervention condition, baseline typical daily drinking, baseline peak drinking, descriptive peer norms, parental history of problem drinking, parental monitoring, parental modeling, parent-teen alcoholspecific communication, and general parent-teen relationship quality. Confounders can be entered as individual items rather than sum scores. Therefore, the items used to assess each potential confounder will be described briefly along with a few representative examples. Further details can be found in the original sources. All measures chosen have been used previously in the literature on college student drinking and have shown good validity and reliability.
To assess age of onset, participants were asked to indicate their age (1) the first time they drank alcohol (more than a few sips), and (2) the first time they got drunk . Previous research suggests self-reported age of onset data is generally reliable (Johnson and Mott 2001) . Typical daily drinking and peak drinking at baseline were assessed using the same measures as for the drinking outcomes (see below). Descriptive peer norms were assessed using a modified version of the Daily Drinking Questionnaire (DDQ; Collins et al. 1985) . Participants reported how many drinks their friends consumed on each day of a typical week. To assess parental history of problem drinking, participants indicated: (1) how often each parent drank alcohol, (2) how many drinks each parent had per drinking occasion, and (3) whether they believed each parent was an alcoholic (Sher and Descutner 1986) . Parental monitoring was assessed with four items asking the extent to which participants' parents tried to know what they did during their free time and about their drinking (Wood et al. 2004) . Parental modeling of alcohol use was assessed with 16 items related to parental drinking style (e.g., "My parents drink alcohol at the dinner table"; Abar et al. 2009 ). Parent-teen alcohol-specific communication was assessed using six items relating to six specific alcohol-related content areas that parents may have discussed with their teens (e.g., "how alcohol works in the body," Turrisi et al. 2000) .
Finally, parent-teen relationship quality was assessed with six items asking participants to report their perceptions of their parents' warmth and trust (Varvil-Weld et al. 2012 ).
Drinking and Consequence Outcomes
Peak Drinking Occasion Peak drinking occasion was assessed using one item from the Quantity/Frequency/Peak questionnaire (Dimeff et al. 1999) . Participants reported the number of drinks they consumed on the occasion when they drank the most in the past month. A standard drink chart was provided (one standard drink=12 oz. beer, 10 oz. wine cooler, 5 oz. wine, 1 oz. 100 proof [1 1/4 oz. 80 proof] liquor).
Typical Daily Drinking The average number of drinks consumed on a typical day was assessed using the DDQ (Collins et al. 1985) . Participants reported the number of drinks they consumed on each day of a typical week, and each day was averaged to create an average number of daily drinks.
Consequences The Young Adult Alcohol Problem Screening
Test (Hurlbut and Sher 1992 ) assessed alcohol-related consequences. Participants indicated how many times they had experienced seventeen alcohol-related consequences (e.g., hangover, vomited, became rude or obnoxious as a result of drinking, blacked out, arrived late for school or work because of drinking, etc.) in the past year. These consequences were chosen because they typically have at least a 5 % prevalence rate among first-year college students who drink . Response options ranged from (0) no, never to (9), 40 or more times in the past year, and responses were summed to create a composite consequence score.
Analytic Approach
A four-step analytic approach was used to model the effects of two types of parental permissiveness on students' drinking and consequences. The steps were to: (1) calculate propensity scores for each type of permissiveness (allowance of drinking and perceived parental limits), (2) weight individuals based on their propensity scores with the goal of creating groups that are equivalent on the range of confounders, (3) evaluate whether weighting successfully achieved group balance, and (4) fit the weighted outcome models to estimate the effects of each type of parental permissiveness on student drinking and consequences at follow-up. Each of these steps will be described in detail below.
Step 1-Propensity Model. Propensity models are wellestablished analytic tools used to improve causal inference when using observational data (Robins et al. 2000; Rosenbaum and Rubin 1983) . Propensity models were employed here to estimate the probability, or propensity score, for: (1) allowance of drinking, and (2) students' perceived parental limits. Specifically, propensity scores (π i ) are calculated according to the following equation and estimate the probability that an individual (i) was exposed to a factor (T i ) given measured confounders (X i ; D'Agostino 1998; Harder et al. 2010; Rosenbaum and Rubin 1983) .
Propensity scores can be calculated for both dichotomous (i.e., allowance of drinking) and continuous (i.e., perceived parental limits) exposures. In order to assess the impact of both forms of parental permissiveness separately, the other exposure variable was included in the propensity model (i.e., allowance of drinking was included in the perceived limits model and perceived limits were included in the allowance model).
Step 2-Inverse Probability Weights. Propensity scores were then used as the basis for inverse probability weights (IPWs; see Cole and Hernan 2008; Robins et al. 2000) . The IPWs are the inverse probability of being exposed to the factor (parental permissiveness) given the confounders included in the propensity model (Coffman and Zhong 2013) . The IPWs are implemented similarly to survey weights in order to balance the levels of each type of parental permissiveness across the confounders included in the propensity model.
Step 3-Balance Diagnostics. Balance was assessed slightly differently for dichotomous and continuous exposures. For dichotomous exposures, a standardized mean difference (SMD) between groups (i.e., ever allowed to drink versus never allowed to drink) was calculated before and after weighting for each of the confounders in the propensity model (Rosenbaum and Rubin 1983) . If all weighted SMDs were less than 0.20 but greater than −0.20, balance was considered to be acceptable (Cohen 1992 ). For continuous exposures (i.e., perceived parental limits), the weighted and unweighted Pearson correlations for each of the confounders were assessed similarly to the SMDs. Weighted correlations of less than 0.2 for all confounders was also considered to be acceptably balanced.
Step 4-Outcome Analysis. The impact (i.e., risky, protective, or neutral) of each type of parental permissiveness on college student drinking and consequences was assessed using weighted regression models. The effects of parental allowance of drinking and perceived parental limits were estimated in two outcome models with and without the respective IPWs for each drinking and consequence-related outcome variable. Because 12 models were estimated, 0.01 was used as the significance level to reduce the possibility of a type I error due to multiple comparisons. The models were estimated using PROC MIXED in SAS, which has a weighting function that includes the IPWs in the models and provides robust standard errors (Littell 2006) .
Missing Data Missing data were less than 5 % for all variables, and data were confirmed to be missing at random (Rubin 1976) . Prior to estimating the propensity scores, multiple imputation was conducted in Stata (StataCorp 2011). Multiple imputation is an appropriate method for handling missing data when the percentage of missing data is low and the data is missing at random (Schafer and Graham 2002) , as it was in this case.
Results
Descriptives The sample was evenly split with respect to parental allowance of drinking: 50.5 % of the sample reported that their parents had never allowed them to drink and 49.5 % reported that they had. For perceived parental limits, the mean was 1.37 (SD=1.86).
Balance Diagnostics Prior to weighting, the absolute vale of many of the SMDs was greater than 0.2, indicating significant associations between the confounders and parental permissiveness. Weighting lowered or maintained the SMDs of each confounder and no confounders had an absolute SMD greater than 0.2 after weighting. Therefore balance and overlap were judged to be acceptable.
Outcome Analyses Unweighted models estimated the effects of students' perceptions of parental allowance of drinking and perceived parental limits for consumption, on the drinking and consequences outcomes, without accounting for the confounders. Weighted models estimated the effects of the predictors after accounting for the confounders. Table 1 shows the weighted and unweighted regression coefficients associated with the effects of parental allowance of drinking on each of the outcomes, and Table 2 shows the weighted and unweighted regression coefficients associated with perceived parental limits.
In the unweighted models, parental allowance of drinking was significantly and positively associated with peak drinking, typical daily drinking, and consequences (see Table 1 ). After applying the IPWs, parental allowance of drinking was no longer significantly associated with any of the outcome variables. There was a marginally significant negative association between parental allowance of drinking and typical daily drinking in the weighted model.
Additional models were run to determine whether age at which parents allowed their students to drink (see original wording of parental allowance of drinking variable above) would differentially impact drinking or consequences. The pattern of results was identical as described above. Therefore, we chose to focus on the more streamlined, dichotomous classification for parental allowance of drinking rather than age.
Perceived parental limits were significantly and positively associated with all three outcome variables in the unweighted models. After applying the IPWs, the significant and positive effects remained with respect to all three outcome models.
Discussion
We used propensity modeling to examine the impact of two types of parental permissiveness of alcohol use on college student drinking and consequences while accounting for a range of potential confounders. To our knowledge this is the first study to estimate the effects of parental permissiveness with adequate control for often cited confounds (e.g., parental drinking habits, family history). Consistent with our first hypothesis, parental permissiveness was significantly and positively associated with college student drinking and consequences, even after accounting for confounders. The effects were substantially attenuated when confounds were accounted for. Parental allowance of drinking was significantly associated with the drinking and consequence outcomes before accounting for confounders, but was not significantly associated with any of the outcomes after accounting for the confounders. In contrast, students' perceived parental limits were associated with drinking and consequences even after accounting for confounders. This provides support for our second hypothesis that students' perceived parental limits would have stronger effects than parental allowance of drinking.
Although previous research on parental permissiveness has consistently shown a positive association between permissiveness and drinking (Abar and Turrisi 2008; Livingston et al. 2010; van der Vorst et al. 2006 van der Vorst et al. , 2010 , existing studies have not sufficiently addressed the role of confounders, such as genetic risk, parental modeling, monitoring, peer norms, etc. The use of propensity modeling allowed us to obtain a less biased estimate of the causal effect of parental permissiveness on college student drinking, independent of such confounders. Interestingly, our findings suggest parental allowance of drinking during adolescence does not predict higher levels of drinking or consequences during college. Instead, it is students' perceived parental limits that are associated with later drinking and consequences. Returning to the earlier example of the parent who allows their adolescent to have one or two drinks versus the parent who allows their adolescent to have several drinks, it appears this is a critical difference that affects students' drinking and related problems when they reach college. It is possible that students' perceptions of conservative parental limits help adolescents internalize regulation of their drinking. Finally, it is important to note that our findings do not support the assertion that either type of parental permissiveness is protective against future drinking and related problems (Peele 2007) . Claims that permissiveness helps parents teach their adolescents to drink responsibly appear to be unfounded.
These findings have important implications for familybased prevention programs designed to reduce adolescent and college drinking. Prevention efforts directed at parents typically focus on strengthening protective parent characteristics, such as monitoring and positive communication, and mitigating negative parent characteristics, such as conflict (e.g., Spoth et al. 2011; Stormshak and Dishion 2009; Turrisi et al. 2009 Turrisi et al. , 2013 . The present findings highlight parents' own alcohol-related behavior as an additional risk factor that may need to be addressed. More work is needed to determine the most effective way to intervene with parents who believe they can teach their children to drink responsibly by allowing them to drink. Based on the present findings, it may be more effective to direct prevention efforts toward parental limits related to drinking, rather than focusing more generally on parental allowance of drinking. For example, parent intervention materials may benefit from including information on the impact of students' perceptions of parental limits and on the importance of explicit conversations about acceptable limits.
Limitations and Future Directions
Though the present study used a suitable statistical approach to examine the effects of parent permissiveness on college student drinking, it is not without limitations. Measures of parental permissiveness did not account for context, such as whether parents allowed their students to drink at home, at family functions, or at parties with friends. Future studies would benefit from employing more differentiated items assessing what kind of drinking is allowed (a single beer versus sponsoring a keg party), and whether the drinking is sanctioned at home versus out of the home to understand how specific parenting practices may impact college students' drinking trajectories and consequences. Other future directions include extending this work to other universities and non-college populations. The present study was conducted at a single university with relatively little racial or ethnic diversity. The present findings may not generalize to students from universities in other settings (e.g., smaller, private universities, universities in urban settings, etc.). It would also be beneficial to use a similar statistical approach to assess the effects of parental permissiveness on drinking and related consequences within a non-college emerging adult sample, which may represent a qualitatively different population than their college-attending peers.
Conclusion
The present study utilized a suitable methodological approach to account for a range of confounders that have troubled past research interested in estimating the effect of parental permissiveness on college student drinking and consequences. Findings suggest higher perceived parental limits related to consumption predict more problematic drinking-related outcomes in college. However, students' reports that their parents allowed them to drink while in high school were not associated with more drinking or consequence during college. Further study of the context in which parental patterns of drinking-related behaviors occur across adolescence is needed to fully understand the impact of parent behavior on college drinking outcomes.
